Objective-Researchers have identified significant limitations in some currently-used measures of health literacy. The purpose of this paper is to present data on the relation of health-related quality of life, health status, and health service utilization to performance on a new measure of health literacy in a nonpatient population.
Introduction
Health literacy has been defined as a person's ability to obtain and use health information to make decisions [1] Research shows that health literacy is related to health indicators that include self-reported health, daily functioning, risk for hospitalization and death, and use of healthcare services [2] [3] [4] [5] . The observed relations between health literacy and important indicators of health status have led investigators to develop interventions to improve health literacy [6, 7] in the hope that they may be effective in improving patient health and address race-and ethnicity related health disparities [8, 9] . In order to evaluate intervention effectiveness and provide a means to evaluate health literacy as a construct it is necessary to measure it.
Several measures of health literacy have been developed, and each has strengths and weaknesses. Perhaps the most widely-used measure of health literacy is the Test of Functional Health Literacy in Adults [10] . The TOFHLA samples a person's performance in reading comprehension as well as in performing simple tasks requiring number skills. The TOFHLA must be administered and scored by a clinician and in general takes 30 minutes. The time required thus limits the TOFHLA's use. The Rapid Estimate of Adult Literacy in Medicine, or REALM [11] , asks that patients read aloud a list of health-related words. It requires less time to complete than the TOFHLA, but doesn't evaluate whether the patient understands what he or she reads or numeracy skills. The Newest Vital Sign [12] , on the other hand, consists of brief questions about a food nutrition label. It is short and easy to administer and score, but assesses only a very small range of health literacy skills.
While measures are thus available, they have also been criticized for other reasons [13] [14] [15] [16] . Most sample a very limited set of health literacy skills and were developed on small and homogeneous groups of clinic patients rather than the general population [15] . Spanish and English versions of several measures are available but it is not clear that they measure the same construct in both languages or are equivalent in difficulty so that their scores can be meaningfully compared. For example, the Spanish and English versions of the TOHFLA Reading subscale are based on the same text passages but require responses to different elements in those passages. Response format may also be an issue, as the cloze procedure used in the TOFHLA reading subtest may be differentially more difficult for older compared to younger persons [17] . A final problem with existing measures is that most show pronounced ceiling effects (many persons obtain perfect or near-perfect scores) when administered to groups in the general population. Perhaps reflecting that most were developed with convenience samples of persons at clinics, they function well as screening tools to detect persons with low health literacy. These measures may not work as well to evaluate health literacy in other groups.
A health literacy test that addresses these issues is clearly needed. In addition, a measure that is computer-administered and scored would make assessment of patient and research participant health literacy more easily accessible. Such a measure could be integrated into an electronic health record, automating the process of assessment and interpretation by providing data directly to providers and researchers. This information could in turn be used to provide automated tailoring of information to patients' level of health literacy. This may be an effective strategy to reduce race-and ethnicity-related health disparities [18] .
A key issue in the development of any new measure is its validity. Standard approaches to validity for new measures of a construct usually center on demonstrating a new measure's relation to existing measures of the same construct (concurrent validity), its ability to predict something in the future (predictive validity), the extent to which the measure represents a coherent or logical concept (construct validity) and the extent to which the items making up the measure have a clear relation to the concept they are believed to measure (content validity). Demonstration of a relation to existing measures of the construct health literacy is a necessary first step in showing that a new test is at least measuring something previously demonstrated to be important. This demonstration is thus key in linking the new test to existing research. In this paper we argue that a useful measure of health literacy should also be related to things that are meaningful to health care consumers as well as in relation to the healthcare system itself. In the project described here, we assessed participants' healthrelated quality of life, health status by self-report of symptoms and diagnoses, and use of healthcare services such as doctor visits and medications.
The purpose of this paper is to report the relations of a newly-developed computer administered and scored measure of health literacy to existing measures as well as healthrelated quality of life, health status, and health service utilization. The new measure has been developed in both English and Spanish; the English project is named Fostering Literacy for Good Health Today (FLIGHT) and the Spanish is Vive Desarollando Amplia Salud (VIDAS).
Methods

Overview of initial development
This section provides an overview of the initial development of FLIGHT/VIDAS. Development procedures and analyses establishing the construct validity of FLIGHT/ VIDAS have been described in detail in a previous publication [19] and are only summarized here. In Phase I of the project, items for the new measure were developed to assess a wide range of healthcare related content, based on the goals of health literacy outlined in the 2004 Institute of Medicine report on health literacy (Table 2-1, p. 42 [1] ). By creating items related to these goals (promote health, understand information, use information, navigate the healthcare system, participate in encounters, give informed consent, and advocate for rights) in three literacy formats (prose, document, quantitative) an initial group of more than 225 questions was created. Items in the measure assess a wide variety of competencies, including information search, critical evaluation of information and strategies for health promotion in addition to content similar to that of existing measures, such as understanding how to take medications or diseases.
These were then pilot tested with community-dwelling older and younger individuals in both English (n = 74) and Spanish (n = 72). The items were screened for equivalent functioning in older and younger persons and in both languages using nonparametric item response theory methods in order to screen items for equivalent function in both languages. A procedure was developed and implemented to evaluate Spanish speakers' competence in both English and Spanish to determine in which language they would complete the study. This was done because other researchers have shown that Spanish speakers who state that they are fluent in English may be at a significant disadvantage compared to native English speakers on measures of health literacy [20] .
During phase II of the project a reduced group of 98 items was administered to communitydwelling individuals from a wide range of ages, educational backgrounds, and across genders and race/ethnicity groups. Participants also completed a battery of measures intended to allow the measure's validation not only in relation to other tests of health literacy but also to variables judged clinically meaningful. This battery thus included existing measures of health literacy and measures of health-related quality of life, health status and health service utilization.
In a previous publication we reported on the preliminary evaluation of the measure's reliability and validity with an interim sample of 198 participants [19] . We concluded that, given the material assessed by the items of FLIGHT/VIDAS, the measure has clear content validity. In the previous publication we also described exploratory and confirmatory factor analyses that established the construct validity of the measure as representing four scales, general health literacy, numeracy, literacy, and conceptual knowledge. Data presented here are for the final sample of 475 participants.
Sample
Participants were recruited via flyers, presentations at community organizations, and by recruitment from previous studies. Purposive sampling focused on recruiting groups of Spanish-and English-speaking participants in the age ranges 18-30; 31-40; 41-50; 51-60; 61-70; 71-80; and 81 years and older. Recruitment was targeted to various socioeconomic, occupational, and educational backgrounds (e.g., ranging from grade school to doctorallevel graduate education) and, in the case of Spanish-speaking participants, to a range of national origins (Central and South America as well as Mexico and the US). This strategy allowed the recruitment of a diverse group of nonpatients so that preliminary norms for the new measure can be created. Participants were compensated for their participation. Participants complete study procedures in two sessions on one entire day or two separate half days; all persons have completed both sessions and thus no participants have dropped out.
Measures
As well as the new health literacy scale, participants completed a battery of existing measures (TOFHLA in English or Spanish; REALM or SAHLSA, and the self-report questions developed by Chew et al. [22] ). Using a procedure modified from the MIDUS study [23] , they provided information on their health status as the number and frequency of 
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Author Manuscript common physical symptoms they experienced (e.g., how often they had a headache) and the number of conditions they reported (e.g., heart disease, lung disease, cancer). Health-related quality of life was assessed with the Rand Medical Outcomes Study Short Form-36, or SF-36 [24] , and mood with the Center for Epidemiological Studies Depression Scale or CES-D [25] . The EQ-5D is a widely-used health utility index that can be derived from SF-36 scales [26] . It provides a single general measure of health status that can be used in economic analyses and to track the impact of healthcare interventions, and has been shown to be useful in a number of conditions [27] [28] [29] [30] [31] [32] .
We asked participants how often they saw a physician or other provider and whether they took medications for health conditions such as hypertension or pain. When participants reported that they took medications, they were asked about how frequently they took them (e.g., every day for antihypertensives vs. occasional use of medication for headache). These measures were selected to allow the evaluation of the relation of the new measure to existing tests of health literacy to establish its concurrent validity with standard and widely-accepted measures. Other assessments (quality of life, health status, and health service utilization) were included to establish the new measure's relation to clinically relevant variables that are not directly related to reading or education.
Data Analyses
Previous analyses [19] showed that FLIGHT/VIDAS has four scales: general health literacy (HL), numeracy (NUM), conceptual knowledge (FACT) and listening (LIS). Cronbach's alpha was calculated for the scales of FLIGHT/VIDAS. Correlations of the FLIGHT/VIDAS scales with the TOFHLA, REALM, SAHLSA, and self-report questions were calculated to assess concurrent validity. We evaluated the relation of various levels of health literacy for health status, physician visits and medication use by defining groups with low, medium, and high levels of health literacy on the FLIGHT/VIDAS HL scale. Between-group differences were then assessed via analysis of variance (ANOVA).
All study procedures were completed under a protocol approved by the Institutional Review Board of Nova Southeastern University.
RESULTS
Descriptive data
Demographic data for participants (236 English-and 239 Spanish-speaking participants) are presented in Table 1 . Spanish-speaking participants described their racial background as white or mixed race, consistent with findings from the US Census [33] while Englishspeaking participants were African American, Afro Caribbean, white, and Asian. Consistent with our sampling strategy, the average age of our participants is approximately 50, and the average level of education was equivalent to having completed high school. Our actual recruitment by target age groups is also included in this table. Table 2 presents descriptive statistics for the measures used to establish the concurrent validity of FLIGHT/VIDAS.
Reliability
Cronbach's alphas for the scales of FLIGHT/VIDAS were 0.87 for HL for the combined sample (0.85 for English and 0.87 for Spanish speakers), 0.88 for NUM (0.87 for English and 0.85 for Spanish), 0.69 for FACT (0.74 for English and 0.60 for Spanish), and 0.55 for LIS (0.63 for English and 0.51 for Spanish). Consistent with our previous report on the reliabilities of the FACT and LIS scales, [19] we suggest that they be used for research purposes only.
Concurrent validity
Correlations of the FLIGHT/VIDAS scales with other measures of health literacy are presented in Table 3 . It can be seen that even though FLIGHT/VIDAS was developed with a much broader range of content and uses a different response format, its scales are still significantly correlated with other tests of health literacy. Correlations of the FLIGHT/ VIDAS scales with established measures of health literacy are similar to those among the established measures themselves.
Correlations of FLIGHT/VIDAS with a measure of health-related quality of life and health utility (SF-36 scales and the EQ-5D) are presented in Table 4 . This table includes participants' total TOFHLA score to allow comparisons. The FLIGHT/VIDAS scales were correlated at low to moderate [34] levels with several SF-36 scales, including General Health, Physical Functioning, Social Functioning, and Emotional Wellbeing. All scales of FLIGHT/VIDAS were significantly correlated with the health utility index, the EQ-5D.
Range of scores
Most available measures of health literacy show pronounced ceiling effects when used in the general population, limiting their use in evaluating health literacy in nonpatients groups. A specific focus of FLIGHT/VIDAS development was to ensure that items with difficulties of sufficient difficulty were created that would be challenging even for well-educated participants. Figure 1 presents a histogram of HL scale scores for English and Spanishspeaking participants. It can be seen that the range of scores on HL is substantial and includes a number of cases at the lower and higher ends of the range. Scores on HL ranged from 7 to 39 (of 40), on NUM from 0 to 24 (of 24), FACT from 0 to 14 (of 14), and LIS from 3 to 12 (of 12). Ranges for the two language groups were similar.
Levels of health literacy, health status, and service utilization
Analysis of covariance (ANCOVA) models assessed differences health status and utilization variables across groups defined by scores on the HL scale of FLIGHT/VIDAS. Models included age, gender, race, education, and language as covariates in order to take these possible confounders into account. Groups were established at the cut points for the 33 rd and 66 th percentile of scores, resulting in a group with low (n = 131), intermediate (n = 134), and high (n = 157) levels of health literacy. ANCOVA models are presented in Table 5 . Those with the highest levels of health literacy reported fewer conditions and symptoms, less frequent use of medications and fewer doctor visits.
Discussion and Conclusion
Discussion
This paper reports on the relation of a new measure of health literacy, FLIGHT/VIDAS, to other measures of health literacy and to a measure of health-related quality of life. We also evaluated the relation of level of health literacy as assessed by the scale to health status and health care service utilization. Analyses show that FLIGHT/VIDAS scales are correlated significantly with established measures of health literacy and a well-known measure of health-related quality of life. Persons with varying levels of health literacy as assessed by the FLIGHT/VIDAS show significant differences in health status and health service utilization.
We had previously provided a preliminary report of the relations of the FLIGHT/VIDAS scales to other measures with analyses based on a much smaller interim sample. [19] This paper supplements this earlier report with analyses using the final full sample of participants. The core scales (HL and NUM) of FLIGHT/VIDAS have excellent reliability and significant correlations with established tests of health literacy and with participant selfreport of difficulties in reading health-related materials, showing that it is likely to be a valid measure of health literacy. Their range of scores shows that the scales may be useful across a number of ability levels, potentially making FLIGHT/VIDAS more useful for research on health literacy in the general population than other measure that show marked ceiling effects.
Two other FLIGHT/VIDAS scales, FACT (general health knowledge) and LIS (listening comprehension) are face valid based on their content (basic health facts for the FACT scale) or administration format (responses to questions about the content presented in several audiovisual vignettes for the LIS scale). They also are correlated significantly with other health literacy measures (Table 3 ) and health status variables (Table 4 ). Their internal consistency reliabilities (Cronbach's alpha), however, are lower than generally considered desirable for psychometric measures. We believe that this may be the result of the diverse content included in each scale. Because of their potential usefulness, we include them in this presentation but caution that they should be considered experimental scales. We plan to continue their development in order to improve their psychometric characteristics.
The purpose of this paper has also been to go beyond solely demonstrating the new measure's relation to established scales and to relate performance on it to meaningful clinical status and utilization variables such as health-related quality of life, use of healthcare services, and health utility. Results show that performance on FLIGHT/VIDAS is related in small to moderately large ways to multiple aspects of health related quality of life.
Results show that participants with the highest levels of health literacy report fewer health conditions, fewer and less frequent symptoms, less medication use and fewer doctor visits.
The guiding principles in creating FLIGHT/VIDAS were to create a new measure that addressed limitations of existing measures and was computer administered and scored. One important limitation has been that some measures have not been demonstrated to have relations to variables in addition to other measures of health literacy. Exceptions include the TOFHLA, which has been related to cognitive function, quality of life, and health utilization. The TOFHLA, however, focuses on a narrow range of content, relies on the cloze procedure to assess reading comprehension, and must be hand administered and scored. While it is effective for detecting persons with low health literacy it suffers from substantial ceiling effects when used in other populations. FLIGHT/VIDAS addresses these issues. It includes diverse content ranging from reading pill bottle labels to understanding health promotion messages. It does not rely on the cloze procedure which may be more difficult for older compared to younger persons [17] . It can be administered and scored with little or no clinician intervention, and has a wide range of scores in a normal population.
Data presented here demonstrate that FLIGHT/VIDAS performance is related to meaningful variables such as health-related quality of life and use of health services suggesting that it may be a useful addition to current measures in clinical practice and in research. Given its range of health-related content and wide range of scores in the general population, FLIGHT/ VIDAS may be useful in research studies examining the impact of individuals' health literacy on the interactions with organizations that themselves have varying levels of health literacy [35, 36] and in better understanding health literacy as a social construct [16, 37] .
Conclusion
The new measure of health literacy, FLIGHT/VIDAS, is computer-administered and scored and shows evidence of excellent reliability and significant relations to better-established measures of health literacy. It includes content not only related to tasks such as taking medications or understanding disease but also to information search, health promotion activities, and critical evaluation of health information. Given its potential broader use in nonclinical populations, it may be a useful addition to research on health literacy. As it is computer administered and scored, it may also be a useful addition to clinical practice, making information on patients' health literacy more readily available for use by clinicians. We plan to support its dissemination by making it available for use online and by providing a standard manual for administration that will include preliminary norms.
Practice Implications
FLIGHT/VIDAS may be a useful addition to existing measures of health literacy. It addresses several limitations of other tests of health literacy and can be administered in an automated fashion. A disadvantage of the measure is that it requires computer equipment for use. Advantages include the broad content assessed, the wide range of scores in the general population, its clear relation not only to existing measures but also to clinically meaningful health status and utilization, and its availability in English and Spanish. FLIGHT/VIDAS may thus be useful for research and clinical practice in contexts in which its can be administered and its length is not prohibitive. It may be especially advantageous for research on health literacy in the general population and among persons with average to above average educational backgrounds where existing tests show ceiling effects. 
Distribution of FLIGHT/VIDAS HL scale scores
Ownby et al. Table 3 Scale 
